Karyotype characters, mitotic metaphase chromosomes, monoploid idiograms, karyograms and pollen abortion of Lotus creticus L., Lotus glaber Mill., Lotus halophilus Boiss. and Lotus peregrinus L. were investigated. Analysis of somatic metaphases showed that the chromosome numbers of these taxa were 2n=28 for L. creticus, 2n=12 for L. glaber, 2n= 14 for both L. halophilus and L. peregrinus. Karyotype asymmetry was estimated by many different methods, the total form percent (TF %), the Rec and Syi indices, the intrachromosomal asymmetry index (A1) and interchromosomal asymmetry index (A2). In this study, there is a variation in the frequency of pollen fertility and abortive pollen grains of the Lotus species. The anatomical characteristics of leaf and stem of Lotus species were made. Various genetic markers have been used to estimate the genetic variability within and among the four Lotus species collected from ten different accessions. Protein profile of Lotus species were studied by polyacrylamide gel electrophoresis (SDS-PAGE) technique and generated seventeen bands, six of them monomorphic and eleven polymorphic bands. Five tested primers were used for RAPD technique, a total of 33 well-defined and scorable RAPD bands were obtained as a result of fingerprinting of Lotus species, 12 bands were common for all species and 21 were polymorphic. Perceptual mapping (PERMAP) used for the combination of taxa and attributes PERMAP-Biplot distinguished the taxa into three groups.
The collected young, closed flowers and flower buds from a sufficient number of randomly selected individual plants of the four species of Lotus were collected and fixed in a fresh mixture of absolute alcohol, chloroform and glacial acetic acid (6:3:1).
The flowers were removed from the fixing solution, washed and the anthers excised.
Anthers were stained and squashed in 4% alcoholic hydrochloric acid carmine (Snow, 1963) . The large and stained pollens were counted as fertile, but the small and unstained were counted as sterile.
Protein-Polyacrylamide gel electrophoresis (SDS-PAGE):
The seeds of the four species of Lotus collected from ten different accessions were used to study their protein profiles. Therefore sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was used according to the method of
Laemmli (1970).

DNA isolation and RAPD analysis:
From each plant sample, 1 gm of young and fresh leaves was used for DNA extraction following the Dellaporta method (Dellaporta et al., 1983). Five random primers listed in Table ( 2) were applied. PCR reaction was conducted according to
Williams et al., (1990).
The gels of DNA were visualized and photographed by gel documentation system (Gel-Doc Bio-Rad 2000) under UV transilluminator. The RAPD bands were scored as present (1) or absent (0), each of which was treated as independent character regardless of its intensity. The levels of polymorphism were calculated by dividing the polymorphic bands by the total number of scored bands. For anatomical investigation, samples of stem and leaves of Lotus L. were fixed in formalin-acetic acid-alcohol (FAA). After fixation, specimens were dehydrated in tertiary butyl alcohol series and embedded in paraffin wax according to
Johansen (1940), and adopted by Jensen (1962) and Peacock and Bradbury (1973).
Sections of 10-12 micron thick were made using a rotatory microtome and double stained with safranin and fast green, mounted in canada balsam and examined by a full automatic Olympus microscope.
Data analysis:
Data analysis was performed using the SYSTAT version 7.0 program
Wilkinson (1997).
Regarding electrophoresis techniques of SDS-PAGE and DNA-RAPD, The presence or absence of each band was treated as a binary character in a data matrix (coded 1 and 0 respectively) and the data represented by polymorphism percentage.
Results and Discussion
Karyotype analysis:
The karyotype analysis is an essential method of study of plants chromosome, which shows vital significance to study the origin, the evolution and the classification Karyotype analysis includes chromosomes number, arm ratio, centromeric index, diploid complement length (DCL), mean chromosome length (MCL), total chromosome volume (TCV), symmetry percent (S%), total form percentage (TF%), intrachromosomal asymmetry index (A1), interchromosomal asymmetry index (A2), the symmetric indices (Syi), resemblance between chromosomes (Rec), as well as karyotype formulae of all species are recorded in Table ( 
Lotus creticus
The chromosome numbers in Lc1 and Lc2 were diploid. It showed a chromosome number 2n= 28 Plate (1 A and B). Most previous records reported 2n=28 by (Valds-Bermejo, 1980& Grant 1995 and IPCN 2013) confirmed our investigation. The karyotype formula was three pairs nearly submetacentric (-), eleven pairs nearly metacentric for Lc1 and five pairs nearly submetacentric (-), nine pairs nearly metacentric for Lc2.
Lotus glaber
The chromosome numbers in Lg1, Lg2 and Lg3 observed were 2n= 12 Plate (1 C, D and E). This count agrees with the previous counts performed on this species by (Grant, 1995 and IPCN 2013) . The karyotype formula for Lg1 was: two pairs nearly submetacentric (-), four pairs nearly metacentric. The karyotype formula for Lg2 is: one pair nearly submetacentric (-), five pairs nearly metacentric and the karyotype formula for Lg3 is: two pair nearly submetacentric (-), four pairs nearly metacentric.
Lotus halophilus
Lh1, Lh2 and Lh3 showed a chromosome number of 2n= 14 Plate (1 F, G and H). This count agrees with previous counts by ( Bartolo et al., 1979 & Grant, 1995 and IPCN 2013). The karyotype formula was: one pair nearly submetacentric (+), three pairs nearly submetacentric (-), three pairs nearly metacentric for Lh1. Two pairs nearly submetacentric (-), five pairs nearly metacentric for Lh2 and four pairs nearly submetacentric (-), three pairs nearly metacentric for Lh3.
Lotus peregrinus
The chromosome numbers observed in Lp1 and Lp2 were 2n= 14 Plate (1 I and J). This count agrees with previous counts by (Gasmanova et al., 2007) .
( Bartolo et al., 1979 and Grant 1995) reported that 2n= 28 for L. peregrinus which do not agree with our results, the observed variation in chromosome number as compared with other records may be due to two factors : different phytochoria and chromosomal structural alterations that might have taken place during speciation. The karyotype formula for Lp1 was: one pairs nearly submetacentric (+), four pairs nearly submetacentric (-), two pairs nearly metacentric and the formula for Lp2 was: five pairs nearly submetacentric (-) and two pairs nearly metacentric. representation of haploid karyotype of Lotus glaber(Lg2).
Haploid chromosome number
Long arm Short arm The basic criteria of establishing abortion of pollen grains were the staining deficiency where, non stain were counted as sterile, while the stainable pollen grains were classified as fertile. As shown in Plate (3). The obtained data in Table ( Plate (3) (A-G): Showing the types of pollen grains of four species of Lotus collected from ten different accessions, fertile pollen (stained or large) and sterile (unstained or small), X=40.
Seed protein analysis:
The genetic variation among the accessions of the wild species can be assessed successfully by the qualitative traits of the seed proteins obtained by electrophoresis The electrophoretic analysis of total seed protein extracts using discontinuous SDS-PAGE gel for the ten collected samples of Lotus species, are shown in Table (5) .
The scanning of SDS-PAGE gel of the species is shown in Fig. (2) . 
DNA Fingerprinting:
Random Amplified Polymorphic DNA is rapid, simple and inexpensive method.
It deduces DNA polymorphisms produced by rearrangement or deletions at or between oligonucleotide primer binding sites in the genome using short random oligonucleotide sequences mostly ten bases long (Agarwal et al., 2008) . About 100-130 species included within Lotus have been widely explored using molecular markers such as Random Amplified Polymorphic DNA (RAPD) (Garcia De Los
Santos and Steiner, 2003).
In the present study, five tested primers were used to differentiate between the 10 accessions of four Lotus species Plate (4). A total of 33 well-defined and scorable RAPD bands were obtained as a result of fingerprinting of Lotus species. Accessions and amplicon size varying from 110 to 1450 bp. Of the 33 amplified bands, 12 were common to all accessions and 21 were polymorphic bands. polymorphic bands varied from three bands in OPA-4 primer, five bands in primer OPA-9, four bands in primer OPA-10, five bands in OPA-13 primer, and four bands in OPA-17 primer.
The percentage of polymorphic bands of the studied taxa is given in Table   ( Plate (4): The amplification profiles of the ten accessions of Lotus species generated by five primers (OPA-4, OPA-9, OPA-10, OPA-13 and OPA-17). Mindicates molecular size marker, (1) Lc1, (2) Lc2, (3) Lg1, (4) Lg2, (5) Lg3, (6) Lh1, (7) Lh2, (8) Lh3, (9) Lp1 and (10) Lp2. Anatomical studies: Physiological and biochemical processes are also connected with anatomical structure of plant organs such as leaves and roots (Katarzyna et al., 2008) .
The anatomical characteristics of Lotus species, stems and leaves are outlined in Tables (7 and 8 ) and are illustrated in Plates (5 and 6).
Stems in Lotus species:
From the study of the transverse sections of Lotus species stem, three regions of tissue were identified they are epidermis, cortex and vascular cylinder.
1-Epidermis:
The 
3-Vascular cylinder:
This region comprises the vascular bundles and pith.
-
Vascular bundles
The vascular bundles are situated in a ring on the inside of the pericycle of the plant. This distinct ring of vascular bundles is distinguishing characteristics of Lotus species, this region consists of three main tissues xylem, phloem and cambium.
-Pith (Medulla) 
Mesophyll:
The entire tissue between the upper and lower epidermis, differentiated into palisade and spongy parenchyma. In plants, the environment plays a greater role in regulating development. The internal structure of the same plant can be slightly different when grown in different environments (Edward, 1998). On the basis of stem and leaf anatomy internal structure, the Lotus species showed some similar adaptive characteristics while, others showed particular characters related to drought and salinity stress. From results it could be concluded that, the accession of L. creticus (Lc2) and L.
halophilus (Lh2) under high drought stress conditions have the highest content of tannins.
Table (7): Anatomical aspects of the stem of four Lotus species collected from ten different accessions, the measurements in µ. 
Data analysis:
To get linkage between the studied taxa collected, the cytological, biochemical and molecular attributes were standardized and compute coordinates for plotting Biplot mapping by using perceptual mapping (PERMAP). Perceptual mapping (PERMAP) using combination of taxa and attributes was shown in Fig. (3) .
Protein polymorphism and the primer OPA-17 are important to distinguish
Lotus creticus accessions (Lc1, Lc2)
Rec index, TF%, A1 and OPA-10 have the power to distinguish Lh1 and Lh2 
Conclusion
It could be concluded that the cytological parameters, biochemical, molecular markers, pollen abortion assay and anatomical features of the four species of Lotus which collected from ten different accessions in Egypt could be considered as suitable parameters for the evaluation of the genetic diversity within and among the four species of Lotus. These obtained data may play a role in the management low cost strategies of gene banks for the conservation of this species and reduced the number of accessions of plant genetic resources conserved in gene banks.
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